Younger Black men who have sex with men (YBMSM) have the highest rates of HIV incidence in the U.S. and are also exposed to high life stressors (e.g., unemployment, incarceration, and exposure to communality). This study assessed whether life stressors were related to drug use and sexual risk behaviors among a representative sample of YBMSM. The South Side of Chicago and selected adjacent suburbs represents the most populous contiguous Black community in the U.S. Over 10% of the estimated YBMSM population in this geographic region were sampled. Major findings indicated that higher life stress was significantly associated with greater odds of transactional sex (aOR = 2.19; 95% CI 1.09-4.39), substance use with sex with male and transgender partners (aOR = 1.62; 95% CI 1.09-2.39), marijuana (aOR = 2.65; 95% CI 1.43-4.90), crack/cocaine (aOR = 3.21; 95% CI 1.16-8.88), and prescription opioid use (aOR = 3.12; 95% CI 1.37-7.13). HIV approaches which focus on environmental stressors and employ a stress and coping framework may support the reduction of drug and sexual risk behaviors among YBMSM. Cognitive and social support approaches might be especially useful in this regard.
Introduction
In the U.S. Black men who have sex with men (MSM) now experience rates of HIV infection that rival those among the general population in the developing countries (Centers for Disease Control and Prevention [CDC] , 2014). Rates of new HIV infections among young non-Latino Black men who have sex with men (YBMSM) age 15-29 are three and five times higher than their Latino and White counterparts, respectively, with rates increasing (Millett, 2015) .
Although early research focused on individual risk behaviors, a mounting body of research primarily based on systematic literature reviews has argued that structural-level factors such as stigma, racism, barriers to healthcare, unemployment, and incarceration may significantly shape the epidemic especially among Black men who have sex with men (BMSM), given that individual and sexual risk factors do not adequately account for such disparities (Calabrese, Rosenberger, Schick, Novak, & Reece, 2013; Latkin, Weeks, Glasman, Galletly, & Albarracin, 2010; Maulsby et al., 2014; Millett et al., 2012; Millett, Flores, Peterson, & Bakeman, 2007; Millett, Peterson, Wolitski, & Stall, 2006; Peterson & Jones, 2009 ).
Empirical research has also documented that structural factors such as exposure to community violence is a significant correlate of HIV mediators (e.g., depression and substance use) and sexual risk behaviors among BMSM (Martinez, Hosek, & Carleton, 2009; Phillips et al., 2014; Quinn, Voisin, Bouris, & Schneider, 2016) . In one study examining exposure to community violence among young, HIV-infected minority MSM, results indicated that witnessing violence with a deadly weapon was significantly associated with alcohol and drug use and fear of community violence was associated with depressive symptoms (Phillips et al., 2014) . In a related study, exposure to community and interpersonal violence among a racially and sexually diverse sample of HIVinfected youth has provided evidence that witnessing or experiencing violence is correlated with mental health disorders and substance abuse (Martinez et al., 2009) which are known mediators that increase HIV sexual risk behaviors and non-adherence to antiretrovirals (ARVs) in HIV-infected youth (Martinez et al., 2009; Phillips et al., 2014) . Finally, among a sample of HIVpositive YBMSM, higher levels of exposure to community violence were correlated with increased rates of condomless anal intercourse, psychological distress, hard drug use, and use of marijuana as a sex drug. Moreover, adherence to HIV ARV medication was negatively associated with exposure to community violence (Quinn et al., 2016) .
Collectively, the above findings are informative; however, several significant gaps remain. We know that exposure to community violence is only one of multiple stressors that are present and reoccurring in lowresourced communities that are disproportionately Black (Crouch, Hanson, Saunders, Kilpatrick, & Resnick, 2000) . For example, rates of incarceration, housing instability, lack of access to health care, serious illness within the family all tend to co-occur along with exposure to community violence (Hall, 2006; Khenti, 2014; Mukku, Benson, Alam, Richie, & Bailey, 2012) . However, few studies have collectively assessed the significance of these combined factors as they may relate to HIV drug and sexual risk factors across a city population-based sample of YBMSM. Assessing only one dimension of stress (e.g., exposure to community violence or incarceration) may provide inaccurate estimates of their effects, given that other stressors not assessed many also co-occur (e.g., unemployment, family strain, incarceration, job loss or money issues, and legal problems). It is possible that exposure to community violence may be a proxy for several other types of cooccurring stressors (Gorman-Smith & Tolan, 1998) . Thus, a broader dimension of life stressors that better approximate the myriad of structural factors confronting young Black males are warranted in order to better approximate the relationship between life stressors and HIV-related drug and sexual risks.
Conceptual underpinnings
The conceptual support for examining the relationship between life stressors and drug and sexual behaviors is informed by stress and coping theory (Shiffman, 1982; Wills & Shiffman, 1985) . One formulation of this theory supports the assumption that in the context of high life stressors, drug use and risky sex serve to both reduce negative and increase positive affect subsequently reinforcing further drug use and unsafe sexual behaviors (Shiffman, 1982; Wills & Shiffman, 1985) .
In psychological literature, stressors are events and conditions (e.g., losing a job, death of a family member, loss of income, family strain, incarceration, and exposure to community violence) that cause change and require individuals to adapt to the new situations or life circumstances (Dohrenwend, 1998) . In the U.S., most such conditions are often more pronounced among low-income Blacks (DeNavas-Walt & Proctor, 2014 ). An extension of stress and coping theory is the minority stress model which in part posits that social stressors and conditions might especially have a strong negative impact on persons who belong to stigmatized and marginalized groups attributed to socioeconomic status, race/ethnicity, and/ or sexual orientation (Meyer, 2003) . According to theoretical and empirical research, prolonged prejudice, discrimination, and isolation related to being economically disadvantaged and a racial and sexual minority can induce greater levels of stress responses and potentially poorer coping responses, resulting in poorer health-related behaviors (Diaz, Ayala, & Bein, 2004; Diaz, Ayala, Bein, Henne, & Marin, 2001; Meyer, 1995; Quinn & Chaudoir, 2009 ). Therefore, we hypothesized that higher levels of life stressors among YBMSM would be positively correlated with increased drug and sexual risk behaviors among YBMSM.
Materials and methods

Sampling scheme
Respondent-driven sampling (RDS) has been widely used in public health research as a method to enable valid statistical inference in samples of "hard-to-reach populations" (Jenness, Neaigus, Wendel, Gelpi-Acosta, & Hagan, 2014; Rudolph, Gaines, Lozada, Vera, & Brouwer, 2014) . Therefore, methods to generate valid estimates and standard errors from RDS studies have received much attention in the literature (Gile & Handcock, 2010; Goel & Salganik, 2009 Salganik & Heckathorn, 2004) .
Sample weights
Sample weights were generated using Gile's sequential sampling (SS) estimator, a new estimator that treats RDS as a successive sampling process where the size of the hidden population can be reliably estimated (Gile, 2012) . Previously, we estimated the population of younger Black MSM in this region to be 5500 (Livak et al., 2013) , and we thus used the SS estimator to generate sample weights using the RDS package in R statistical software .32. The use of the SS estimator yielded comparable findings in terms of magnitude and statistical significance of effects to those obtained when we conducted the analysis using weights generated by another commonly used estimator (Livak et al., 2013) .
Sample generation
Using RDS, a sample of eligible YBMSM was recruited from the South Side of Chicago and adjacent majority Black neighborhoods between June 2013 and July 2014 (n = 622). This geographic area was sampled because it represents a region with one of the highest prevalence rates (Chicago Department of Public Health [CDPH], 2014), and as the most populous contiguous Black community area in the U.S. (Khenti, 2014) , it provides the opportunity to generate a large sample with comparable exposure to structural stressors and access among participants. RDS seeds were selected from a wide distribution of social spaces that YBMSM occupy (including virtual spaces such as Facebook). Participants were told that the study was intended to better understand the relationship between social networks and health. Study respondents were eligible for study participation if they (1) were selfidentified as African-American or Black, (2) were born male, (3) were between 16 and 29 years of age (inclusive), (4) reported oral or anal sex with a male within the past 24 months, and (5) were willing and able to provide informed consent at the time of the study visit. Respondents were given up to six vouchers to recruit others, and each respondent was given $60 for participation and $20 for each successful recruit enrolled into the study. In order to help built rapport and reduce response, bias interviewer-administered items were captured for basic demographic questions and computer-assisted personal interviewing was used for more sensitive questions such as drug use and sexual behaviors.
Measures
Sociodemographics included age in years, educational attainment (current student, less than high school, high school or general education development (GED) equivalent, or some college/college degree), and annual household income (dichotomized as <$20,000 vs.
≥$20,000 per year since the majority reported very low income). Participants reported their sexual behaviors in the past six months with male and transgender partners, including total number of partners (analyzed as 2 or more vs. 0-1), frequency of anal sex and frequency of anal sex episodes without condoms (condomless anal sex was defined as any reported anal sex without condoms), frequency of transactional sex (defined as trading sex for drugs or money; analyzed as any vs. none), and frequency of drug use with sex (analyzed as any vs. none). Participants also reported substance use in the past 12 months, including marijuana, ecstasy, crack/cocaine, methamphetamine, heroin, prescription opiates, and other drugs. Life stress in the past 6 months was assessed using 20 items which measured the frequency of exposure to stressful events (Tolan & Gorman-Smith, 1991) , such as exposure to violence, death of someone close to them, substance use problems, family problems, incarceration, job loss or money issues, and legal problems (see Figure  1 ). Items were rated on a 3-point scale as 1 (did not happen in the past 6 months), 2 (caused minor stress), or 3 (caused major stress) and were summed to create the scale, which ranged from 20 to 60. The mean in our sample was 29.4 (SD, 7.2) and Cronbach's alpha was 0.87. Modified versions of this scale have been used in prior studies with minority low-income communities populations (Attar, Guerra, & Tolan, 1994; Evans & English, 2002) . Because the distribution was heavily skewed, life stress was dichotomized at the median for analysis. HIV infection was based on self-report and/or laboratory confirmation with Western blot. STI diagnosis included any self-report of gonorrhea, chlamydia, or syphilis in the past 12 months.
Statistical analysis
Characteristics of the sample were described using frequencies for categorical variables and means, standard deviations, and medians for continuous variables. Bivariate analyses were used initially to assess the direction and magnitude of associations between life stress and risk behaviors. Multivariable regression analyses were then conducted to quantify associations between stress exposure and sexual risk and substance use outcomes, adjusted for known confounders (i.e., age and income) and complex sampling methods. Multivariable logistic regression models were fitted using the SURVEYLOGIS-TIC procedure in SAS Version 9.4 and incorporated clustering on RDS seed, sampling weights, and a finite population correction using an estimated population size of YBMSM on the South Side of Chicago of 5500 (Livak et al., 2013 ). All models controlled for age and income as potential confounders. 
Results
RDS recruitment
Recruitment for the study occurred over 58 weeks of data collection and consisted of 622 eligible respondents, including 62 "seeds", and 560 "recruits" who were recruited in chains up to 13 waves in length. Of the 62 seeds, 38 (61.2%) recruited at least one sprout, and a median of 2 recruits (range 0-6). Of the original 622 participants, 4 were subsequently found to be ineligible, leaving a final analytic sample of 618.
Sample characteristics
The sample consisted of 622 African-American MSM who ranged in age from 16 to 29; the median age was 23 (IQR, (20) (21) (22) (23) (24) (25) . The majority (79.5%) reported an annual household income of <$20,000. Thirty-two per cent being full-or part-time students; 26.5% reported having completed high school or GED equivalent, and 35.4% reported some college or received a college degree. Slightly more than one-third (n = 212, 34.3%) participants reported being HIV positive by self-report and/ or laboratory confirmation and 52 were reported being unaware of their infection. At baseline, 140 (22.7%) reported a previous history of a bacterial STI, including gonorrhea (10.5%), chlamydia (6.3%), or syphilis (13.4%).
Recent (past 6 months) sexual risk behaviors with male and transgender partners were prevalent; 51% reported ≥2 partners, 48% reported condomless anal sex, 12% reported transactional sex, and 41% reported substance use with sex. Marijuana was the most commonly reported drug, reported by 76% in the past 12 months, followed by ecstasy (9%), cocaine/crack (5%), and prescription opioids (5%). The use of heroin, methamphetamine, and other drugs was reported as uncommon (<2%) ( Table 1) .
Multivariable logistic regression models
In multivariable regression, higher life stress (> 28) was statistically significantly associated with higher odds of transactional sex (aOR = 2.19; 95% CI 1.09-4.39), and substance use with sex with male and transgender partners (aOR = 1.62; 95% CI 1.09-2.39) in models that controlled for age and income. High life stress was also associated with higher odds of use of marijuana (aOR = 2.65; 95% CI 1.43-4.90), crack/cocaine (aOR = 3.21; 95% CI 1.16-8.88), and prescription opioids (aOR = 3.12; 95% CI 1.37-7.13), controlling for age and income. We did not find statistically significant associations between life stress and condomless anal sex (aOR = 1.51; 95% CI 0.92-2.50), STI (aOR = 1.49; 95% CI 0.81-2.74), or HIV (aOR = 1.34; 95% CI 0.78-2.30), although the effects were near significant for condomless sex and in the expected direction for STIs and HIV (Table 2) .
Discussion
Systemic reviews and meta-analyses showing that BMSM compared to their Caucasian/White counterparts have the same or lower drug and sexual risk behaviors, have contended that structural factors might be key drivers of the HIV epidemic among BMSM (Latkin et al., 2010; Millett et al., 2006 Millett et al., , 2007 Millett et al., , 2012 Maulsby et al., 2014) . Additionally, prior findings indicate that one form of life stress, namely exposures to community violence, is related to HIV-related risk behaviors (Martinez et al., 2009; Phillips et al., 2014; Quinn et al., 2016) . This study expands this literature by documenting that levels of life stress were a significant correlate of a broad range of drug use, transactional sex, and sex while using drugs.
Taken together, these findings might suggest that study participants coped with this broad range of life stressors by medicating with a wide range of drugs that were both stimulants and sedatives. Consistent with a stress and coping framework persons under constant stress might employ coping strategies that both medicate and distract them from such environmental stressors at varying time frames (Shiffman, 1982; Wills & Shiffman, 1985) .
Life stressors such as unemployment and job loss might also correlate with transactional sex. This study documented that a broad definition of life stressors which incorporated financial hardship was associated with transactional sex. In addition, findings also showed that higher life stress was not correlated with condomless anal sex and subsequently STIs or HIV infections. This finding might suggest that although YBMSM are engaging in drug use, transactional sex and drug use while having sex in response to environmental stressors they may also be using risk reduction approaches such as condom use during anal sex. This finding might also suggest that public health initiatives and messages urging consistent condom use are penetrating this population. It might also suggest that participants have high HIV prevention knowledge or are using condoms given that that they are aware of their high-risk drug behaviors. In-depth interviews might be useful for testing these hypotheses.
Despite the strengths of this study which employed RDS among a city population-based sample of YBMSM, there are several limitations that warrant mention. All data were cross-sectional and only reflect associations and not temporality. Prospective studies are needed to clarify the directionality of these effects and to test mediational hypotheses to identify mechanisms by which stress exposure leads to increased risk. However, before designing such costly longitudinal studies, it is important to determine whether such associations exist, which this study did establish. In this study, we were able to assess a much broader range of life stressors which included family strain, incarceration, job loss or money issues, legal problems, and violence exposures and examine how they might correlate with drug and sexual risk behaviors. This broader measure of life stressors extend beyond that of only witnessing and being a victim of community violence which was empirically tested in a prior study of YBMSM (Quinn et al., 2016) . However, future stress measures might also include employment, police harassment and violence, racial and sexual stigma, and discrimination. In addition, we are unable to determine the level of stress from participants' perspective regarding individual stressors. For instance, experiencing job loss might be markedly different than being incarcerated and might need to be weighted differently. Future studies would need to explore such nuances, clarify them, and explore participants' coping responses, given that we were not able to asses them in this study. Based on the related research with low-income Black youth, it is possible that coping styles and future orientation might represent important moderators as they might pertain to drug and sexual risk behaviors (So, Gaylord-Harden, Voisin, & Scott, 2015; So, Voisin, Burnside, & Gaylord-Harden, 2016) .
Notwithstanding these limitations, our findings suggest that it is important to address both the antecedents and correlates of life stressors among YBMSM. Many of these conditions are structural and very difficult to curtail. Nevertheless, these findings highlight the linkage between environmental conditions and behavioral health and suggest that public policy and funding efforts need to address them, irrespective of such challenges. For instance, it is highly likely that unemployment rates can influence partner violence, substance abuse, depression, illegal activity, and incarceration. Therefore, the high rates of economic and income inequality, societal marginalization and stressors associated with police profiling and violence among Black men (Young, 2006) must be addressed when attempting to curtail behavioral health risks among this population. Congruent with such approaches individuals should be referred for educational and employment services, job training, legal support services, court expungement services when needed and warranted. Coupled with such structural and contextual interventions providers in low-income communities should routinely screen YBMSM for these life stressors such as the ones identified in this study, many of which disproportionately affect Blacks (DeNavas-Walt & Proctor, 2014) . Persons who respond high to such stressors should be assessed with regard to family stress, their coping strategies and drug use, and referred for follow-up services if warranted. Consequently, HIV and drug intervention approaches for YBMSM especially those who reside in low-income communities might need to ameliorate structural and contextual stressors and incorporate healthy stress reduction skills combined with content on effective condom use and drug reduction approaches.
Disclosure statement
No potential conflict of interest was reported by the authors. 
